Abstract. The objectives of the study were: (1) 
INTRODUCTION
Many local communities, watershed groups, counties, and states are developing setback ordinances to help protect stream systems. Unfortunately, existing guidelines are highly variable having been developed on the basis of different, often nebulous, objectives. In an effort to provide maximum protection, or to establish easily understandable ordinances, setback regulations have ranged from mandating no development in the 100-year floodplain to having a fixed setback width (such as 100 feet) that may be unrelated to the stream size or drainage area. As these approaches are only loosely related to stream morphology, if at all, they will provide widely variable levels of effectiveness, underestimating as well as overestimating the necessary dimensions of the area most vital to maintaining the integrity of streams. (Rosgen, 1996) The impact of urbanization on stream channel stability is predictably increased bed load transport in part caused by higher peak discharges and larger volumes of runoff (Rhoads, 1995) . The typical response is initial rapid downcutting, entrenchment and then widening with eventual recovery unlikely. In addition to changes in runoff, straightening channels, filling floodplains and reducing bed load supply exacerbate adverse impacts.
"Natural stream stability is achieved by allowing the stream to develop a stable dimension, pattern, and profile such that, over time, channel features are maintained and the stream system neither aggrades or degrades, For a stream to be stable it must be able to consistently transport its sediment load, both in size and type, associated with local deposition and scour. Channel instability occurs when the scouring process leads to degradation, or excessive sediment deposition results in aggradation."
The objectives of the study reported in this paper were to evaluate:
1. The ability of an empirically based equation to predict the streamway width required to allow a stream to self-adjust its meander pattern. 2. To evaluate the influence of urbanization, streamway width, and incision on bed load transport, the size of particle moved at incipient motion at flows approximating the effective discharge, and flood stage for the 100-year recurrence interval event. 3. If knowledge obtained from Objectives 1 and 2 could be used to develop stream setback guidelines that would help maintain stream stability.
In this manuscript we have used the term streamway to describe the main channel and attached floodplain that we feel should be protected by a stream setback. Brookes (1996) describes a concept where the river is allowed to run wild and attributes the approach to Palmer (1976) . The concept is illustrated in Figure 1 . However, it should be noted that the illustration only shows the meander position of the main channel at one snapshot in time and for this case the streamway approximates the beltwidth. Meander migration over time would result in a wider streamway than that illustrated. The streamway should be considered as the zone in which a "stream rules" and it should not be of concern if the main channel encroaches on or floods activities within this zone. The width of a "floodplain" is difficult to define as it is associated with the magnitude of the flood being considered and the physical location of a floodplain boundary -such as a high terrace, levee, or the toe of the valley sides.
BACKGROUND Floodplain Function
Stream systems tend to include not only a main channel but also a floodplain. Generally, the floodplains of high quality streams are characterized by frequent, extensive over-bank flow. Fluvial processes size the main channel to convey the effective (bankfull) discharge and larger flows widen out onto the floodplain. In places along a stream system there might be abandoned channels and/or adjacent terraces that used to be the active floodplain. Floodplains, and the adjacent terraces, are a complex system of soil, bedrock, vegetation, and subsurface water that serve these functions (Large and Petts, 1994) : water-quality control; wildlife conservation; instream habitat enhancement; recreation and amenity.
Dynamic equilibrium in a stream system depends on:
1. The ability of the floodplain to dissipate the energy of flows exceeding the effective discharge. 2. The magnitude and frequency of the effective discharge remaining constant over time. 3. Sediment transport, storage and supply, and most importantly bed load sediment staying in equilibrium. 4. The ability of the main channel to adjust its dimension, pattern, and profile, to maintain equilibrium
The Issue
Land use change on the landscape often increases the magnitude and volume of discharges, encroaches on the floodplain, and increases stream conveyance by channel lowering, widening and straightening. The impact of these changes on the stability, ecological function, and general health of the river system is very site-specific. Unfortunately, efforts to establish simple universal river corridor protection guidelines/requirements are often arbitrary (see Table 1 ). A useful review of the literature on riparian zone characteristics is presented by Wenger (1999) . 1.As cited by Large and Petts (1994) .
Bankfull (Effective) Discharge
The bankfull discharge is "considered to be the channel-forming or effective discharge" (Leopold, 1994) . The effective discharge transports the largest cumulative sediment load (Rosgen 1996) . As bed load data has improved, it has become evident that the bed load fraction of the total sediment load is most influential in channel forming processes and effective discharge (Emmett and Wolman, 2001) . Effective discharge may be met or exceeded several times a year and generally corresponds to 1.3 to 1.7-year recurrence intervals based on a log Pearson analysis of annual instantaneous peak flows. Leopold (1994) states that for most streams the bankfull discharge is the flow that has a recurrence interval of approximately 1.5 years in the annual flood series.
A stable channel, formed to flow full with the effective discharge will result if, over time, the flow regime and sediment supply are transported with the channel neither aggrading nor degrading (Rosgen, 1996) . Higher peak discharges and greater volumes of runoff, let alone lower coarse sediment supply, channel straightening and floodplain filling often associated with urbanization change the effective discharge. The effective, dominant, bank or channel forming, and bankfull discharge are often considered as synonymous. For the purposes of this manuscript we have assumed they provide the same general meaning although in incised urbanizing systems "bankfull" rarely corresponds to the top of the bank. Rhoads (1995) approaches the issue from stream power saying, "The concept of stream power provides a unifying theme for the broad range of issues encompassed by urban fluvial geomorphology. Most importantly, this concept directly links channel instability with changes in fluvial energy expenditure and sediment transport capacity." The common premise is that urbanization impacts the bed load transport in alluvial streams, and bed load sediment is primarily responsible for maintaining the channel equilibrium.
RESEARCH METHODS

Watershed Hydrology
Overview
Gage data from urban streams were used by Sherwood (1993) to develop peak flow and volume equations. Using these equations in this study, an Excel spreadsheet-based procedure was developed to compute bed load transport. While bed load equations are notoriously inexact, this study evaluates bed load, not for the purpose of predicting actual quantities, but for predicting the change in bed load caused by various level of urbanization, channel incision, and floodplain widths through a spectrum of different magnitude events from 0.1 to 100 yr recurrence interval (RI).
Storm Hydrograph Procedure
Sherwood (1993) developed empirical peak discharge and volume-duration-frequency relationships for urban areas in Ohio with drainage areas less than 6.5 mi 2 . Peak discharges with return periods of 2, 5, 10, 25, 50, and 100 years are empirically related to watershed characteristics by an equation of the form:
(1) where Q T is the peak discharge for a return period T years, a is a regression constant, A is the watershed area, P is the average annual precipitation, BDF is the basin-development factor, and d, e, and f are regression exponents. The BDF varies from 0 to 12 and is a measure of the urban development within a watershed. The approach is based on the work by Sauer et al. (1983) .
The BDF is based on the occurrence of the following features in each third of the watershed: (1) channel modifications; (2) channel lining; (3) storm drains; and (4) curb and gutter streets. For this paper we have described an area with a BDF of zero as rural. However, it might best be described as exhibiting a low level of urbanization because the occurrence of less than 50% of each feature across each third would result in a BDF of zero.
For RIs less than 2 years, new regression coefficients for peak discharge equations were developed for RIs down to 0.1 year. These coefficients were obtained by conducting a least squares fit to the coefficients for the 2, 5, and 10 year equations and extrapolating these best fit lines backwards.
Calculating The Streamway Width
In developing an equation that might be used to define stream setbacks we wanted to provide: (2) Equation 2 was based on 153 data points from rivers around the world and the correlation coefficient (r) for the equation is 0.96. Beltwidth and bankfull width data for 47 of the locations is presented in the paper by Williams (1986) and is plotted in Figure 2 . We analyzed these data and obtained the following regression equation:
Where the meander beltwidth, B, and the bankfull width, W, are now in feet. For 24 of the sites this equation under-predicted the beltwidth by a mean amount of 24%, while for 23 of the sites this equation over-predicted the beltwidth by a mean amount of 36%.
Over-prediction is not a major concern as the method does not attempt to account for meander migration or riparian zone protection. However, without modification equation 3, and presumably equation 2, fail our setback requirements at least half the time so we evaluated increasing the calculated beltwidths in increments of 10%. A 10% increase reduced the number of sites where the beltwidth was under-predicted from 24 to 17 while a 20% increase reduced the number of sites where the beltwidth was under-predicted from 24 to 12. Additional increases up to 50% only reduced the number of under-predicted sites from 24 to 8. An increase of this magnitude resulted in a mean overprediction of 74% in the beltwidth size for the 39 sites where the equation over-predicted the beltwidth.
With the data presented in Figure 2 we also considered a procedure that was simply a multiple of the bankfull width. Using 8 times the bankfull width resulted in 33 of the beltwidths for the 47 sites being under-predicted. Using 10 times the bankfull width (not shown) gave better results but overpredicted and under-predicted beltwidths for small and large bankfull widths respectively. Equation 3 has a smaller exponent (1.08 compared to 1.12) than Equation 2 that is based on a larger data set. This suggests that there is merit in retaining the exponent of 1.12 so we then evaluated the equation:
Where the meander beltwidth, B, and the bankfull width, W, are in feet. For 25 of the sites this equation under-predicted the beltwidth by a mean amount of 22%, while for 22 of the sites this equation over-predicted the beltwidth by a mean amount of 40%. We then increased the coefficient of 4.0 in increments of 10% and a coefficient of 6.0 resulted in beltwidths for 6 of the sites being under-predicted by a mean amount of 27%. The beltwidths for the other 41 sites were over-predicted by a mean amount of 74%. Doubling the coefficient still resulted in 4 of the sites being underpredicted by a mean of 13% while the remaining 39 sites were over-predicted by 126%. Based on this limited analysis we decided to use a coefficient of 6 to obtain the streamway width, S w (ft) equation:
An equation for the relationship between bankfull channel width and drainage area (DA, square miles) for rivers in the eastern USA (Dunne, 1978) Equations 6 and 7 only apply to the eastern USA
Compound Stream Hydraulics
Bed load Transport Sediment transported in a channel consists of suspended load and bed load. In low gradient channels, the suspended load might be 95% or more of the total sediment load, while in steep upland channels more than half of the sediment load might be bed load. Sediment movement can be related to shear stress/tractive force at which particles begin to move, total sediment transport rate to discharge or stream power, and numerous bed load transport functions. In this study, we emphasize bed load because bed load is the part of the sediment load in alluvial streams responsible for maintaining the channel equilibrium (Einstein, 1950) . Total bed load transport over a period of 100 years was calculated based on assuming that all discharge events during this period could be approximated by a series of 0. 098, 0.195, 0.391, 0.781, 1.56, 3.13, 6.25, 12.5, 25, 50 , and 100-year RI events. On average, two 50-year or larger RI discharges would occur during the 100 years. It was assumed that one of these events was a 50-year event and the other a 100-year event. Similarly, there would be four 25-year or larger events and two of these would be 25-year events, one the 50-year event and one the 100-year event. This approach was used to determine the number of events associated with each RI discharge that would occur on average during the 100-year period. The RI doubling scale that was used (0.098 to 0.195 to 0.391 years, etc.) ensures an unbiased distribution of different magnitude events.
Determining bed load movement requires knowledge of the morphology of the stream system. In a real-world setting, this information would be obtained by conducting a survey of the dimensions, pattern, profile, and bed material of the stream system using procedures such as those described by Harrelson et al. (1994) . However, we have incorporated in the spreadsheet procedure a method for obtaining a theoretical channel geometry that is representative of a channel that might exist for predevelopment conditions in the Eastern United States. A similar approach could be developed for other regions of the United States, or the world, where there is knowledge of the relationships between fluvial characteristics of a stream system and the watershed area, slope, and land uses.
Channel Hydraulics and Characteristics Knight and Shiono (1996) eloquently state: Whereas inbank flows may be treated as if they were predominately one-dimensional flows in the streamwise direction, despite known three-dimensional mechanisms being present in all flows, overbank flows must be treated differently as certain threedimensional processes begin to be especially important, particularly the main channel/floodplain interaction. Turbulence, vertical vorticity, secondary flows, reverse, and lateral mixing of flows on the floodplain and within the main channel, together with the associated sediment transport and shear stress differences that occur particularly within a meandering channel make the analysis of the system complex. Useful accounts of different approaches are presented in Anderson et al. (1996) , Shiono et al. (1999) , and Patra and Kar (2000) .
For practical reasons the application of computational fluid dynamic approaches, and two or threedimensional models, is often limited to research studies, straight reaches, or large river system complex and sometimes expensive analysis is perceived to be warranted. Commonly, simple pragmatic resistance equations that at best provide useful discharge and flow stage estimates for uniform flow in straight main channels are applied to compound meandering channels. Applying resistance (roughness) equations, such as Manning's equation, to compound straight two-stage channels presents a challenge, particularly with low over-bank flow. The problem is two fold, first as the stage initially rises above bankfull, a dramatic increase in wetted perimeter, little change in cross-sectional area, and a decrease in hydraulic radius results in a discontinuity in velocities estimated by Manning's Equation. The second problem is accounting for the interaction between the slower over-bank flow with the faster main channel flow. Posey (1967) evaluated a number of commonly used resistance equation methods. He concluded that dividing the main section and two over-bank sections by vertical lines worked well when over-bank flow is shallow but when over-bank flow is at least half as deep as the bankfull channel depth then dividing into subsections is not necessary. The method incorporated in the Excel spreadsheet procedure used in the study reported in this manuscript gives similar results to the methods suggested by Posey in the desired respective ranges. The problem of momentum transfer between the sections is managed by dividing the sections generally perpendicular to lines of equal shear. Also, the hydraulic radius is based on only the physical boundaries of each section and is weighted by the area of each section. A representative cross-section is illustrated in Figure 3 . The virtual boundaries "ck" and "kf" are used to define the geometry of the flow sections but are not assigned a roughness or used in the calculation of the hydraulic radius. Flow velocity is estimated by using Manning's equation and different roughness factors can be assigned to the main channel and the flood plain. This method is still a rather inexact approximation of the complex hydraulics of a two-stage meandering channel and is only intended to provide estimates of relative values not to predict actual bed load load transport.
To develop dimensions of the theoretical channel, the recurrence interval of the effective discharge was adjusted until the modeled bankfull cross-sectional area approximated that of the surveyed streams that were considered in this study. In the absence of data on real streams a 0.8-1.2 year RI might be used because the 1.0 -2.0-year events calculated with an annual peaks series correspond to a range of RIs, with a mean of 0.8+ years, that is obtained using partial duration series including all peaks over a certain threshold. The effective discharge associated with the calculated or selected RI was determined by using the USGS empirical procedure described previously and solving for a BDF of zero, the watershed area, and the annual precipitation. The cross-sectional size and proportions of a channel that would likely form with the effective discharge was based on the width and mean depth from the Eastern United States regional curves (Dunne, 1978) .
To use the Excel spreadsheet procedure requires specification of the channel bed slope, floodplain width, and Manning's n values for the channel and floodplain. Bed material is estimated by assuming the d 50 is at the threshold of motion at bankfull flow. The d 50 is found from the shear stress at bankfull flow using the Shield's diagram . Each RI hydrograph was divided into ten increments and the bed load associated with each increment of flow was determined for corresponding increments of stage in the channel and the duration of the increment.
EXPERIMENTAL DESIGN Study Watersheds and Stream Systems
The usefulness of equation 7 was evaluated on six headwater stream reaches in Ohio. Detailed stream geomorphology data was available for four of the reaches (Table 2) . These data were obtained in 2000 as part of another study and prior to the authors considering the application of equation 7 to establish stream setbacks. The data were obtained using procedures similar those described by Harrelson et al. (1994) . The data were entered into a reference reach excel spreadsheet that was developed by the first author (ODNR, 2002) . The streamway width for each reach was calculated and drawn on the meander pattern plot that the spreadsheet generates from measured azimuth data for the centerline of the bankfull channel. An overlay of meander migrations during periods of more than 30 years were obtained from aerial photographs for two larger watersheds. Salt Creek has a drainage area of 30 square miles and a bankfull width of 93 feet. Big Darby has a drainage area of 540 square miles and a bankfull width of 121 feet. The streamway widths for these watersheds were then calculated and plotted on the overlay. For one of the headwater streams, the streamway width was also plotted along the channel meander pattern shown on a USGS 24,000 scale Quad Sheet.
The four headwater streams with detailed measured geomorphology data were also used in the analysis with the excel spreadsheet program that considers flow and bed load transport in a compound stream system that consists of a main channel and an attached floodplain. For the purposes of this analysis it was assumed that there was no bed load transport on the floodplain. Also, as discussed earlier the dimensions of the main channel were approximated by matching the bankfull cross-sectional area to the predicted area based on regional curves. No measured bed load or discharge data is available for these small watersheds. The purpose of the study was not to try and match observed data but rather to use real-world scenarios to illustrate how urbanization, incision, and floodplain encroachment might impact bed load transport, the size of bed material that could be moved, and flooding.
Analysis of Results
The nature of the study did not lend itself to a statistical analysis of the results. Many more watershed representing a wider range of fluvial, topographic, geologic, and land use conditions, would need to be considered to statistically evaluate the performance of the streamway width approach. Also, criteria would need to be established on what constituted success. For the purposes of this analysis a visual interpretation was made of the results.
Generally, for the bed load and discharge analysis, dimensionless results were developed by relating a variable of interest to the magnitude of that variable for a floodplain ratio (FPR) of 10, a BDF value of 0, and a bank height ratio (BHR) of 1.0. The FPR was defined as the ratio of the floodplain width to the bankfull width of the main channel. The FPR was varied between 2 and 10 because usually for a particular watershed area the streamway width, as calculated by equation 6, will be less than 10 times the bankfull width. The BHR was defined as the ratio of the bank height to the bankfull height of the main channel. The BHR was varied between 1.0 and 1.5 because in many cases when the BHR is larger the banks are unstable and the channel widens.
RESULTS AND DISCUSSION
Empirical Streamway Width Evaluation
A summary of the modeled stream attributes is presented in Table 3 . The recurrence interval for the calculated effective discharge, that generated a bankfull cross-sectional area that approximated the measured area, ranged from 1 to 1.8 years. This result is consistent with the generally accepted believe that in humid and semi-humid regions the effective discharge is associated with a 1-2 year recurrence interval as calculated by the annual peaks method. The recurrence interval was estimated to the nearest 0.1 years and exactly matching the measured and modeled cross-sectional area was not meaningful as the measured results reported in Table 2 are mean values for several cross-sectional along a reach. Also, it should be recalled that the purpose of the analysis is not to compare observed and measured results and the four real-world watersheds have simply been used for illustrative purposes. In general, the modeled width and depth are narrower and deeper, respectively than the measured values. The regional curve for the Eastern United States tends to switch from a Rosgen type C stream (high width to depth ratio) to an E stream (low width to depth ratio) for watersheds smaller than a few square miles. However, only Little Schenk was a type E stream and the other three were type C streams.
Meander patterns and calculated streamway widths for the four small watersheds are shown in Figures 4-7 . In general the meander pattern is enclosed within the streamway width. For Light Creek there is a sharp bend in the valley and exactly fitting the streamway to the meander pattern is not possible. However, on the top right side of this figure there is a box showing the streamway width plotted along the meander pattern obtained from a USGS 1:24,000 Quad Sheet. For most of the stream there is good fit. It is probable that for the other streams the calculated streamway would not fit the meander pattern at locations where it is controlled by geologic, topographic, or artificial features. The ratio of the streamway width to the measured bankfull width ranged from 4.5-9.6 (Table 3) . We also evaluated determining the beltwidth by inserting the measured bankfull widths into Equation 2. For three of the small watersheds this resulted in a beltwidth that was less than the estimated streamway width (Table 3) . For Little Schenk the beltwidth was about 45% less than the streamway Meander patterns and calculated streamway widths for the two large watersheds are shown in Figures 8 and 9 . Again the meander pattern is enclosed within the streamway width. In addition, all meander changes for the time period evaluated (46 years and 57 years for Salt Creek and Big Darby, respectively) also fitted within the streamway width. This result suggests that the method might provide a reasonable estimate of the floodplain width needed to allow a stream to adjust its planform and location over time. The ratio of the streamway width to the measured bankfull width were 5.6 and 14.9 for Salt Creek and Big Darby Creek, respectively. The Big Darby Creek streamway appears to be slightly larger than needed (Figure 9 ). For the two large watersheds there was little relationship between the beltwidth based on bankfull width (Equation 2) versus the streamway calculated from the drainage area (Equation 7). For Salt Creek the beltwidth was 601 feet and the streamway width was 518 feet. For the Big Darby the beltwidth was 807 feet and the streamway width was 1795 feet. The wide variability in the ratio of the streamway width to the measured bankfull width for all six watersheds (5.1 to 12.8) suggests that a procedure based on drainage area, such as that reported here, might be more useful than one based on bankfull width. This is also illustrated when we compare beltwidth estimates based on bankfull width to streamway widths based on drainage area.
Bed load Transport Evaluation
The evaluation of urbanization, incision, and floodplain reduction impacts on bed load transport are presented in Figure 10 -13. For all the landuse conditions a floodplain width ratio reduction from 10 to 2 resulted in the relative bed load more than doubling. A similar result was obtained when the bank height ratio increased from 1.0 to 1.5. A 50-200% increase in the relative bed load transport occurred as the BDF increased from 0 to 8. There was an additional 150 to 300% increase when the BDF increased from 8 to 12. BDF values of 5 to 9 are common in suburban areas.
When the influences of urbanization, incision and floodplain reduction were combined (BDF=12, FPR = 2, BHR=1.5) the relative bed load transport on the four watersheds was about 11 to 15 times greater than the baseline condition (BDF=0, FPR = 10, BHR=1.0).
For the baseline condition the impact on the relative particle size moved at incipient motion for a 2-year recurrence interval event varied from 10-25% as the floodplain width ratio was reduced from 10 to 2. The smallest change was for Kilbourne Creek ( Figure 10C ) and the largest increase was for Light Creek ( Figure 13C ) . The combined effect of urbanization and floodplain reduction resulted in the relative particle size moved increasing by 200 to nearly 300%.
The relative flood stage above the floodplain increased by more than 200% when the floodplain width ratio was reduced from 10 to 2 (Figure 14) . Again there was a large impact due to urbanization particularly when the BDF increased from 8 to 12. The combine impact of urbanization and floodplain reduction resulted in the flood stage increasing by as much as almost 400%.
Discussion
The approaches presented here appear to present a useful starting point for sizing a streamway.
Ideally, an empirical approach should be based on more site specific data. Our more theoretical geomorphologic approach that is based on bed load mobilization also appears useful. However, it has two limitations. First, the use of other methods to estimate effective discharge, stream system hydraulics, bed load transport, and shear stresses would result in different estimates of actual bed load mobilization. Also, the relative values obtained from using different procedures might vary from those reported here. Secondly further analysis, including measurements on many impacted and unimpacted streams, would be necessary to ascertain what specific combinations of conditions cause stream instability. For example, does a 10, 50, 100, 200% increase in bed load transport or particle size moved cause instability?
Based on the results presented here, the authors' observations, and work reported in the literature it appears that:
1. Streamway widths that are at least 8 times the bankfull width will in many cases have a wide enough streamway to allow for meander migration over time. Streams with these magnitude streamways might have the potential to self-adjust to low levels of urbanization and floodplain modification. 2. Small amounts of stream incision, floodplain modification in narrow valleys, and/or low levels of additional development on urbanized watershed, each have a high potential to cause instability.
3. Setbacks should be sized based on geomorphic concepts and in particular bed material mobilizations is appropriate for sand and gravel-bed streams. The empirical approach presented here is appropriate in valleys that are broad enough for the meander pattern to be a function of the bankfull width or drainage area.
Various studies have evaluated the impact of urbanization on stream health and/or stream geomorphology. Finkenbine et al. (2000) studied 11 streams near Vancouver, British Columbia. The total impervious area (TIA) on these watersheds ranged from 5 to 77%. They found that as the TIA increased from 5 to 77% the D 84 more than doubled primarily due to increased discharges, fluvial erosion, and mass failure (sloughing) of the banks. They also noted that the loss of large woody debris was offset by the establishment of coarser bed-material and spawning conditions might not have degraded. They concluded that stream might adjust to urbanization within 20 year of the watersheds being urbanized and the highest priority during urbanization should be the establishment (or we assume the retention) of a health riparian zone. For a specific floodplain width ratio our results (Figures 10c-13c) show that the particle size at incipient motion increased by a factor of about 1,5 to 2.5 as the BDF increased from 0 to 12. Doyle et al. (2000) examined the effect of urbanization on several streams in Indiana. They note that ".. preservation or restoration of both channel stability and diverse ecological communities may best be approached through replicating the frequency of bed mobilization found in natural, stable channels." In their study streams responded to urbanization by incision and bed widening. They found the only significant differences in stability measures were when low density urbanization (0-2%) was compared to medium or high density urbanization (7-32%). The recurrence interval of the critical discharge decreased from 183 days for high density areas compared to 88 days for low density areas. The critical discharge is defined as the discharge at which the D 50 bed material particles are mobilized. The bed load transport procedure we used also shows that the recurrence interval becomes small (more frequent) with increased urbanization and suggest that there is a low threshold of urbanization (perhaps corresponding to a BDF=4) that when exceeded might cause large changes in the quantity and size of bed load that is mobilized. Booth and Jackson (1997) in a study conducted in western Washington State that "at approximately 10% effective impervious area (EIA) in a watershed typically yields demonstrable and probably irreversible, loss of aquatic-system function." They note that EIA is difficult to measure and one of the differences between it and the TIA is that any portion of the TIA that drains to a pervious area is excluded in obtaining the EIA. We have no knowledge of how the Basin Density Function (BDF) used in our study relates to the TIA or the EIA. Suburban areas in Ohio with large lawns, parks, and wooded or natural riparian zones along the main streams often have a BDF of 5 to 7. These areas might have an EIA higher than 10% but our results suggest that bed load mobilization impacts increase slowly as the BDF increases from 0 to 4, show more rapid changes as the BDF increase from 4 to 8, and exhibited large increases when the BDF increases from 8 to 12. We plan to conduct a study to try to relate BDF to impervious area. Brookes (1996) discusses successful restoration projects in Denmark, England, Germany, and the United States where a multi-stage channel and floodplain system was established. The "streamway" (a river corridor, recreation zone, secondary floodplain, or floodplain that might have existed historically) in these projects ranged from about 6 to 20 times the bankfull width of the restored low flow channel. The "streamway" or floodplain width ratio that we have identified as necessary to maintain dynamic equilibrium fall within this range.
RECOMMENDATIONS
Successful stream stewardship requires combining knowledge of natural stream concepts with sound engineering and scientific principles, and an understanding and appreciation of the ecology of the stream and its interaction with the landscape. A Stream Stability Protection Setback should be based on stream geomorphology concepts and specifically the ability of the stream to self-adjust and maintain itself in a state of dynamic equilibrium. For the setback to accomplish the goal of the impacted stream sustaining dynamic-equilibrium also requires the incorporation of:
1. Landscape measures that reduce runoff such as reduced paved surfaces and practices to maintain or enhanced infiltration. 2. Detention/retention management strategies that result in similar post and pre-development bed load and sediment transport amounts.
The results of the analysis presented in this manuscript illustrate that incision, floodplain encroachment, and urban development pose a high potential to cause stream instability and flooding problems. In particular the results suggest that fairly modest levels of change (BDF>4, BHR<1.5, and/or FPR<8) could cause instability and should be avoided by limiting floodplain encroachment and providing adequate landscape measures and stormwater management strategies.
The second requirement that is listed above is based on a previous study by two of the authors (Mecklenburg and Ward, 2002) . They evaluated common stormwater detention criteria for the ability, or rather lack of ability, of each to maintain pre-development bed load transport rates. Also, by matching post-development rates to pre-development rates a new criterion was developed. By identifying increased bed load sediment transport as a primary issue and developing detention schemes to directly address is the new criteria actually resulted in the smallest detention volume requirements. 
